The mechanism and kinetics of anodic processes on a dispersed graphite electrode are investigated by a potentiodynamic method. Variation of the reversal potential in the anode zone on potentiodynamic curves PDC allow to estimate the ratio of the anode and cathode capacities and to determine the coefficient of reversibility of electrochemical reactions. By the degree of reversibility of electrochemical reactions, three potential zones are distinguished: Ist -E ... 1.15 V; II-1.15 ... 1.4V; III -> 1.4B corresponding to the sequential course of the intercalation of graphite with nitrate ions, oxidation of the surface functional groups, the formation of oxide-like graphite compounds. In the zone of potentials I, the maximum reversibility of the anodic process is noted, due to the intercalation-deintercalation process, with the formation of graphite intercalation compounds. Then, a regular decrease in the coefficient of reversibility associated with the occurrence of reactions involving surface oxygen-containing groups and reactions involving oxygen is noticed. This complex of electrochemical processes is accompanied by the formation of graphite intercalation compounds of non-stoichiometric composition and, probably, the oxide of similar structures. The transition to the potential of zone III is characterized by an abrupt decrease in the coefficient of reversibility and the growth of anode currents, which decrease with cycling. Under these conditions, oxidation reactions of the graphite matrix are likely to occur with the formation of CO and CO2. An increase in the rate of irreversible reactions is revealed with a decrease in the concentration of HNO3. In 45% HNO3, the re-oxidation reactions of graphite intercalation compound and the formation of oxide compounds of graphite are significantly accelerated. In 30% HNO3, the highest anode currents of the first cycle from the solutions studied are recorded on a dispersed graphite electrode, and the reversibility of the anode processes is lower than in 60% HNO3. It has been shown that in HNO3 with a concentration of less than 15%, the intercalation of graphite proceeds at a low rate and is accompanied by the surface reactions involving oxygen. [3] , that the diluting of the electrolyte shifts the threshold potential in the positive direction, whereas the potential of the re-oxidation of graphite intercalation compounds (GICs) and oxygen reaction moves in the negative direction. A sufficient amount of water in the electrolyte leads to the formation of graphite oxide of the general formula: Cx + (OH) y (H2O) z with C-O covalent bonds between the atoms of carbon networks and oxygen in the intercalate [4] [5] [6] when GICs is reoxidized. The amount of covalently bounded oxygen depends on the composition and the conditions for the production of graphite oxide and increases when GICs is highly oxidized [5] . According to the same source, a significant portion of oxygen in graphite oxide is in the composition of PVG and not in the form of an intercalate. It should also be noted that the electrochemical reversibility of graphite oxide decreases with the increase in the acid concentration in the electrolyte [5] . In work [7] , the attention is paid to the decrease in the ability of the graphite nitrate for cathodic reduction during its re-oxidation and the formation of more stable bonds between graphite and intercalate. There is an opinion [8] on the possibility of the chemical formation of graphite oxide in the anodic synthesis of GICs in dilute solutions. Simultaneously, in less concentrated solutions, parallel to the processes of electrochemical intercalation, the reactions of carbon oxidation and release of oxygen are possible [3] . The presence of active forms of oxygen, as a necessary component of the production of graphite oxide, is noted in a number of works [5, 9] . A number of authors assume the participation of water in the processes of electrochemical intercalation. Even in concentrated solutions, the presence of up to 4% (by weight) of water is observed in the composition of GICs [10] :
Keywords
(1) Graphite nitrate, obtained in concentrated solutions of HNO3, also contains water: C(8+2x)nN2O5·xH2O (n = 1,2,3...,0 X  3) [11] . In less concentrated solutions, the intercalation process is also carried out with the participation of water, the latter acts as a supplier of protons for compatible acid anions [8] :
(2) Comparing the conditions for conducting our experimental studies with the foregoing concepts, it can be stated that in the solutions under study, it is inevitable that the part of carbon is deeply oxidized by the defects and edges of the polyarene grids that occurs parallel to the reaction of electrochemical intercalation. In this case, it is necessary to take into account the high probability of formation of graphite oxide. Taking into account the fact that GICs of an acceptor-type obtained by the anodic oxidation of the carbon material have a high electrochemical reversibility [7, 12, 13] , and the processes of the formation of CO, CO2 and O2 are practically irreversible, it is advisable to trace the change in the ratio of the amounts of electricity consumed for the oxidation and reduction of the compounds obtained. In order to identify the areas of potentials in which intercalation reactions and irreversible surface processes take place with the formation of gaseous products, cyclic PDCs at various reversal potentials in the anode range and increased sensitivity of the current recorder were taken on the graphite electrode in HNO3 solutions of various concentrations.
EXPERIMENTAL PROCEDURE
Dispersed graphite powders of the Chinese production (standard GB/T 3518-95), ash content 0.2%, particles size 250-300 μm were used in the studies. As an electrolyte, a 60% nitric acid solution of KhCH (TU701-89E) brand was used. Less concentrated solutions were prepared by diluting 60% HNO3 with bi-distilled water, and the concentration was determined by the titration with 0.1 M KOH. Electrochemical measurements on the disperse graphite electrodes were carried out in three-electrode cells [3] , using platinum cathodes and anode current lead. To form the working electrode, the graphite powder was poured into the cylindrical body of the cell [3] , made of fluoroplastic and pushed by the cathode piston to the platinum collector. The electrolyte enters the reaction zone through the perforation of the piston sewn into the diaphragm of polypropylene (TU54411-78). Through the hole in the piston a capillary of the electrolytic key was fed to the graphite layer. All electrochemical studies were carried out using the potentiostat IPC-ProMF (manufacturer OOO Techoborudovanie St. Petersburg). The range of regulated potentials was ± 5 V. Scanning speed ranged from 0 to ± 100 V/s. Current ranges were ± 1μA, ± 10 μA, ± 100 μA, ± 1 mA, ± 10 mA, ± 100 mA, ± 1 A. Built-in memory (up to 16,000 points) connected to a personal computer.
RESULTS AND THEIR DISCUSSION
The direct and reverse traverse of the potential sweep in the range Est -1.2 V (Fig. 1a) shows high electrochemical reversibility of the processes on the dispersed graphite electrode in 60% HNO3 (Кrev = Qk/Qa = 0.96-0.95) , which does not change during cycling. On the anode branch of PDC, there is a constant current increase with a potential sweep and an inflection in the from1.14 to 1.16 V range is observed, indicating a superposition of a new process on the ongoing reactions.
Taking into account the large true surface of the slurry electrode the process rate is very slow. The currents in the studied potential area can be caused both by the oxidation of PVG [14] [15] [16] [17] [18] and by the intercalation processes [7, 19] . According to the data [14, 20, 21] , the oxidation of PVG under insignificant polarizations proceeds reversibly. Therefore, it is impossible to separate the two indicated processes under the conditions of our experiment. Moreover, clear current peaks reflecting the formation of individual GIC stages are unlikely to appear on the slurry electrode, and the reactions involving PVG should also be characterized by a wide response of currents due to the variety of surface group composition. When the sweep potential is shifted to the anode range up to 1.3 V (Fig. 1b) , the current increase is observed, caused by the process, the beginning of which was observed earlier (1.15 V). It is this process that results in the current peak on the cathode part of the cyclogram.
At a given reverse potential, as the electrode is cycled, the amount of electricity of the anode reactions decreases and a certain increase in the area of the cathode half-cycle is observed. The coefficient of reversibility in this case increases (Table 1 ) from 0.5 (1 cycle) to 0.79 (7-15 cycles). In general, this trend continues with the growth of the reversal potential (Fig. 1 c, d) ; however, as the cycling proceeds, the anode capacity decreases sharply, simultaneously with the increase in the amount of electricity in the cathode area (Table 1) . At the same time, the potential of the cathodic peak remains practically unchanged (1.1-1.2 V) and becomes blurred by the anode polarization to higher potentials, resulting in a current delay (Fig. 1 d) . The value of Кrev in the range of potentials of 1.4-1.5 V decreases in a stepwise manner (Table 1). A similar change in the ratio Qk/Qa was observed in [10] during the re-oxidation of the GICs.
The conducted experiment makes it possible to distinguish three potential ranges in the anode area: IЕst... 1.15 V; II-1.15 ... 1.4 V; III- 1.4 V ( Table 1) . Range I was previously observed in the data in Fig. 2  a, b ; the second range is fixed in the form of bends at the first-cycle PDC and is identified as a fuzzy current pad by long cycling (Fig. 1d) . Taking into consideration the literature data and the results of the evaluation of the electrochemical reversibility of the products of the anodic oxidation of graphite (Table 1) 
, [3] . The abovementioned assumptions are in good agreement with the results of [7] by the values of the potentials, as well as with the general concept outlined in [5] . Indeed, in the range of potentials I, high electrochemical reversibility of the processes is due to the absence of the reactions with gas evolution. The decrease of Кrev (Table 1) in the range of potentials II is possible both as a result of the re-oxidation of GICs, that is, the formation of covalent bonds [7] , and because of the formation of CO and CO2. According to the published data [22, 23] , the threshold potential for the formation of the NG of stage II for the solutions under studies should be within the range 1.2-1.3 V, which is confirmed by the shift of the potential in the positive direction, when passing from the anode area to the cathode one. When the reverse potential is shifted to 1.3 V, the irreversibility of the anodic processes increases due to the reactions (4, 5) , which results in the increase in the oxygen content in the PVG composition, which can be restored at potentials <0.3 V [14, 15] . Taking into account the fact that the area of the pressed graphite electrode is practically unchanged, higher anode currents in the first cycles are caused by the possibility of intercalation of all interlayer spaces, with more positive Erev. the oxidation of the edge carbon atoms and the defects of the graphite matrix is not excluded. The transition of potentials to area III is characterized by an abrupt decrease in Kob and the growth of anode currents, which decrease by cycling (Fig. 1, Table 1 ). At the same time, the capacitance in the cathode area of the PDC grows, increasing its value by increasing the number of cycles. By cycles 5-7 chronovoltamperograms cease to change and then they are recorded without changes. The growth of Qa, especially when reaching a potential of 1.65 V, is obviously associated with the possibility of the oxidation of H2O to oxygen. In the first cycles, when the formed oxygen atoms are actively captured by the graphite surface, the anode currents have maximum values, by cycling they decrease, and oxygen is released already in the form of CO, CO2 and O2. Chemisorbed oxygen has a catalyzing effect on the processes of electrochemical intercalation [5] with the formation of nitrate and graphite oxide. The amount of electricity on the reverse cycles in the cathode area will be determined by the recovery currents of PVG, GICs, graphite oxide and adsorbed oxygen. The increase in Qk, as the cycling proceeds with simultaneous decrease in anode currents, can be caused only by the bulk intercalation reactions, since in this case the structure of the graphite electrode is arranged and the intercalation processes are facilitated. From this point of view, the dynamics of the variation of the average cathode currents (Table 2) (calculated from Qk) shows that, with an increase in the anode potential, in spite of a clear decrease in the current yield, the rate of intercalation processes increases.
In literature sources, information is given on the possibility of obtaining intercalation compounds by anodic treatment of graphite in electrolytes with a low content of NO -3 and other anions [8, 13] . By diluting HNO3 solutions, when the rate of reactions involving H2O increases, the partial currents of the anode process are redistributed. The share of currents associated with the oxidation of PVG, the formation of CO, CO2 and the release of O2, should increase. Electrochemical intercalation is inhibited because of a decrease in the concentration of NO3 -ions and their increasing solvation [8] . It is possible to assume a faster transition of GICs into graphite oxide and an increase in the water content of the intercalated layer. The presented data are also confirmed by the experimental measurements [3] . As it was noted earlier, the increase in anode currents at the PDC with a decrease in nitric acid concentration up to 30% is caused by the growth of the rate of electrode reactions involving water. One cannot ignore the change in the structure and properties of HNO3 solutions, in particular, a decrease in viscosity and density with diluted solutions will enhance the wettability of graphite particles, increase in the volume of working pores, that is, the true surface of the electrode.
The cycling of a compressed disperse graphite electrode in HNO3 solutions of various concentrations from a stationary potential to Erev = 1.4 V (boundary of areas II and III for 60% HNO3) also confirms the increase in the rate of irreversible processes with the transition to less concentrated electrolytes (Table 3) . If our assumptions are correct, then already in 45% HNO3, the reactions of re-oxidation of GICs and the formation of oxide compounds of graphite are accelerated considerably. The highest anode currents of the first cycle [3] are recorded on the dispersed graphite electrode in 30% HNO3, the reversibility of the anode processes being lower than in 60% HNO3. According to the data (Table 3) , a decrease in the concentration of HNO3 simultaneously with a significant increase in Qa slightly changes the cathode capacity (Qk), which agrees with the literature [7] and with the described concept. High reversibility of the anode processes in 15% HNO3 is unlikely to be associated with intercalation-deintercalation reactions, since according to [23] this concentration is close to the threshold one in which the formation of GICs is possible, and the rate of this process is slow. Low anode currents in 15% HNO3 allow to suppose that the surface reactions of reversible chemisorption of oxygen are predominate, which is also confirmed by a slight decrease in Qa as the cycling proceeds. A more definite conclusion about the effect of the concentration of the nitric acid electrolyte on the processes of electrochemical intercalation can be made on the basis of the study of the properties of the GIC samples synthesized in HNO3 solutions. 
